Cyclophosphamide induces urotoxicity characterized by the development of cystitis, which involves bladder overactivity and inflammation. Here, we investigated the roles of chemokine receptor 2 (CXCR2) and transient receptor potential vanilloid 1 (TRPV1) channels in a rat model of cyclophosphamide-induced cystitis.
Introduction
Inflammatory conditions of the urinary bladder (cystitis) are characterized by complex symptoms, such as increased urinary frequency and urgency, nocturia and intense pelvic pain (Sakthivel et al., 2008) . These symptoms can seriously affect the quality of life of patients and generate high costs to healthcare systems. Evidence suggests that cystitis can be caused by multiple mechanisms related to inflammatory responses to infection, stress or exposure to chemicals (Arms et al., 2010; Everaerts et al., 2010) . Cyclophosphamide is an alkylating agent frequently used for treating breast cancer, B-cell lymphoma and leukaemia (Korkmaz et al., 2007; Abraham and Rabi, 2009) . Clinical use of cyclophosphamide is associated with serious urological side effects, including voiding disturbances, urothelial damage, bladder oedema, neovascularization and haemorrhage. Cyclophosphamideinduced cystitis is characterized by neurochemical and electrophysiological changes, as well as by functional alterations of micturition reflex and visceral pain behaviour (Corrow and Vizzard, 2009) .
Particular attention has been given to the role of chemotactic cytokines, known as chemokines, in inflammatory conditions and these chemokines induce the migration of leukocytes to inflamed tissues. Potential roles of chemokine receptors in the physiopathological processes of cystitis are emerging. Notably, the expression of chemokines, such as CX3CL1 (fractalkine), CXCL12, CXCL10, and their corresponding receptors CXCR1, CXCR4 and CXCR3 (receptor nomenclature follows Alexander et al., 2013) , are upregulated after cyclophosphamide-induced cystitis and this up-regulation may contribute to some functional alterations in the bladder of mice, rats and humans (Yuridullah et al., 2006; Sakthivel et al., 2008; Vera et al., 2008; Arms et al., 2010) .
CXCR2 is a chemokine receptor expressed on the cellular surface of leukocytes, notably neutrophils, endothelial cells and a range of other cells throughout the human body. CXCR2 binds several chemokines with high affinity, including IL-8 (Murphy and Tiffany, 1991) and this receptor plays a critical role in the development of numerous inflammatory disorders, such as wound healing, tumour progression and painful conditions (Reiland et al., 1999; Boisvert et al., 2000; Souza et al., 2004; Coelho et al., 2008; Zaja-Milatovic and Richmond, 2008; Manjavachi et al., 2010) . Although it can act as an angiogenic factor (Sukkar et al., 2008) , CXCR2 mainly mediates cell migration and its functional blockade prevented neutrophil chemotaxis and tissue damage in experimental colitis in mice (Bento et al., 2008) . The potential of the CXCR2 selective antagonist, SB225002 [N-(2-hydroxy-4-nitrophenyl)-N9-(2-bromophenyl) urea], has been evaluated pre-clinically for the management of rheumatoid arthritis, atherosclerosis and painful conditions (Reutershan, 2006; Barsante et al., 2008; Manjavachi et al., 2010) .
Cyclophosphamide-induced haemorrhagic cystitis is characterized by intense inflammatory changes, accompanied by marked pain symptoms. Tissue damage caused by cyclophosphamide administration leads to the release of several inflammatory and hyperalgesic mediators, including chemokines (Wong and Gavva, 2009) . Moreover, the activation of ion channels, such as those of the transient receptor potential vanilloid 1 (TRPV1) type, could contribute to the development and maintenance of pain . The TRPV1 channel is expressed in afferent nerve fibres that innervate the bladder, but also appears to be present in the urothelial cells, smooth muscle cells and interstitial cells (Ost et al., 2002; Charrua et al., 2009; Everaerts et al., 2009) . Different studies have already confirmed that functional TRPV1 channels are present in urothelial cells of mice, rats (Birder et al., 2001; Kullmann et al., 2009 ) and humans (Charrua et al., 2009 ). In addition, some studies suggest a role of TRPV1 channels in visceral mechanosensation. In this context, TRPV1 channels can modulate the sensory functions of the bladder, affecting its voiding frequency and pressure, contributing to the development of bladder overactivity and mechanical hyperalgesia caused by cystitis (Daly et al., 2007; Wang et al., 2008; Frias et al., 2012; Lei and Malykhina, 2012) .
The activation of chemokine receptors during inflammation appears to potentiate the sensitivity of TRPV1 channels, eventually promoting hyperalgesia (Zhang et al., 2005; Kao et al., 2012) . In this context, the chemokine CCL3 sensitized TRPV1 channels, increasing pain sensation (Zhang et al., 2005) . Recently, it was demonstrated that CCL2 induced hyperalgesia by up-regulating the function and expression of TRPV1 channels in DRG sensory neurons (Kao et al., 2012) . Therefore, chemokines released during the inflammatory process seem to be involved in the increased perception of pain through sensitization of TRPV1 channels.
In the present study, we evaluated, for the first time, the role of CXCR2 in the bladder function and visceral hypersensitivity following cyclophosphamide-induced cystitis. Moreover, we aimed to confirm the possible correlation between expression and activation of CXCR2 and TRPV1 channels in cystitis, and whether the blockade of both receptors would improve cyclophosphamide-induced cystitis.
Methods

Animals
All animal care and experimental procedures followed the National Institutes of Health Animal Care Guidelines (NIH Publications No. 80-23) and ethical guidelines for investigation of experimental pain in conscious animals (Zimmermann, 2002) ; they were approved by the ethics committee of the Federal University of Santa Catarina (PP00607). The results of all studies involving animals are reported in accordance with the ARRIVE guidelines for reporting experiments involving animals McGrath et al., 2010) . About 100 animals were used in this study. Non-fasted female Wistar Hannover rats (six to eight per group, 150-220 g) from the animal housing unit of the Laboratory of Experimental Pharmacology at the Federal University of Santa Catarina (LAFEX/UFSC) were used in this study. The animals were housed in groups of five and maintained in controlled temperature (22 ± 2°C) and humidity (60-80%), under a 12:12 h light-dark cycle with food and water available ad libitum.
Cyclophosphamide-induced cystitis
Female rats were anaesthetized with isoflurane (2%) inhalation and cystitis was induced by a single i.p. injection of cyclophosphamide (200 mg·kg −1 ) (Boucher et al., 2000; Chuang et al., 2011; Kyung et al., 2011; Pan et al., 2012) . Control animals received saline injections by the same route. In order to evaluate the effect of CXCR2 and TRPV1 channel blockade on cyclophosphamide-induced cystitis, different groups of animals were injected i.p., 30 min before cyclophosphamide, with the CXCR2 selective antagonist, SB225002 (0.3 mg·kg −1 ), the selective TRPV1 channel antagonist, SB366791 (4′-chloro-3-methoxycinnamanilide) (0.3 mg·kg −1 ), or a combination of both antagonists (0.3 mg·kg −1 each).
Nociceptive scoring
The experimental design used in the present study was similar to that described by Boucher et al. (2000) , with minor modifications. The rats were placed individually in observation boxes and were acclimatized for 30 min prior to behavioural testing. A single i.p. administration of cyclophosphamide (200 mg·kg
) produced changes in three behavioural parameters -breathing rate, opening of the eyes and posture -reflecting the nociceptive alterations associated with haemorrhagic cystitis. Therefore, these parameters were adopted as nociceptive indexes and scored at 1, 4, 8, 24 and 48 h after administration of CYP. All the experiments were performed without knowledge of the treatments. For the breathing rate, every 10 cycles·min −1 was scored as one, with control values of about 140 cycles·min −1 . For the opening or closing of the eyes, the following scores were assumed: 0 for complete opening, corresponding to normal eyes; 10 for complete closing; 5 for half-closed eyes; and 2 and 7 for the two intermediate positions (between open and half-closed and between half-closed and closed respectively). Finally, regarding the posture changes, when either the rounded-back with the whole body aligned or complete limpness was observed, the score was 10. When no specific posture was seen over the observation period, the score was 0. In order to determine the inhibitory action of the antagonists on nociceptive responses, we calculated the area under nociceptiontime curve (AUC). The AUC values of the experimental groups were compared and the inhibition percentages were calculated.
Cyclophosphamide-induced mechanical hypersensitivity
Referred hyperalgesia was measured by testing the frequency of withdrawal responses to the application of von Frey hairs (VFH) (von Frey Hairs; Stoelting, Chicago, IL, USA) on the abdomen and the right hindpaw. The nociceptive responses were evaluated at different time points (1, 4, 8, 24 and 48 h) following cyclophosphamide injection. For that purpose, the rats were placed individually in clear Plexiglas boxes (10 × 10 × 8 cm), on elevated wire mesh platforms to allow access to the ventral surface of the right hindpaw and to the abdominal area. The animals were acclimatized for 1 h prior to behavioural testing. The withdrawal response frequency (%) was measured following 10 applications (3 s each application, and an interval of 10 s among the applications) of VFH. Stimuli were delivered below to the plantar surface of the right hindpaw and to the abdomen area. The 8.0 g VFH filament applied in the hindpaw and the 26.0 g VFH applied in the abdomen area produces a mean withdrawal frequency of about 20%, which is considered an adequate value for the measurement of mechanical hypersensitivity. The appearance of any of the following behaviours on application of a filament to the abdomen was considered a withdrawal response: retraction of the abdomen, licking or scratching of site of VHF application, or jumping. All of the groups were evaluated before cyclophosphamide injection, to establish the basal nociceptive threshold to mechanical stimuli. In order to determinate the inhibitory action of the antagonists on nociception, we calculated the AUC. The AUC values of the experimental groups were compared and the inhibition percentages were calculated.
Gross evaluation and wet weight determination of the bladder
The gross evaluation was based on criteria established by Gray et al. (1986) . All bladders were dissected free from connecting tissues and transected at the bladder neck 24 h after cyclophosphamide injection. The wet weight of each bladder was recorded and expressed as mg per 100 g body weight. Each bladder was additionally examined macroscopically for oedema formation, which was categorized as (0) none, (1) mild, (2) moderate or (3) severe. Oedema was considered severe when fluid was seen externally and internally in the walls of the bladder. When the oedema was confined to the internal mucosa, it was reported as moderate; when it was between normal and moderate, the oedema was defined as mild. The bladders were also examined for bleeding in the walls and categorized as (0) normal, (1) telangiectasia or dilatation of the bladder vessels, (2) mucosal hematomas and (3) intravesical clots.
Histopathological analysis
Animals were killed and bladders were carefully removed 24 h after cyclophosphamide to assess the bladder histopathology. Tissue samples were fixed in a PBS solution containing 4% paraformaldehyde for 24 h at room temperature. Following fixation, tissue samples were embedded in paraffin, sectioned (5 μm slices) and stained with haematoxylin and eosin. Histopathological analyses were conducted based on the criteria established by Gray et al. (1986) . 
Neutrophil myeloperoxidase (MPO) assay
Neutrophil recruitment to the rat bladder was assessed indirectly by means of tissue MPO activity. The bladder tissues were removed 8 h after cyclophosphamide injection. Then, samples were homogenized at 5% (w/v) in EDTA/NaCl buffer (pH 4.7) and centrifuged at 10 621 x g for 15 min at 4°C. The pellet was re-suspended in 0.5% hexadecyltrimethyl ammonium bromide buffer (pH 5.4), and the samples were frozen in liquid nitrogen. Upon thawing, the samples were re-centrifuged, and 25 μL of the supernatant was used for MPO assay. The enzymic reaction was assessed with 1.6 mM tetramethylbenzidine, 80 mM NaPO4 and 0.3 mM hydrogen peroxide. The absorbance was measured with a spectrophotometer at 690 nm, and the results were expressed as OD per mg tissue.
Determination of cytokine concentrations
For determination of cytokine concentrations, whole bladders were removed 4 h (IL-1β) or 8 h (TNF-α) after cyclophosphamide injection and homogenized in phosphate buffer containing 0.05% Tween 20, 0.1 mmol·L −1 PMSF, 0.1 mmol·L −1 benzethonium chloride, 10 mmol·L −1 EDTA and 20 UI aprotinin A. The homogenate was centrifuged at 5000× g for 10 min, and the supernatants were stored at 70°C for further analysis. Levels of TNF-α and IL-1β were evaluated using ELISA kits from R&D Systems (Minneapolis, MN, USA), according to the manufacturer's instructions. The amount of protein in each sample was measured using the Bradford method (Bradford, 1976) .
Real-time quantitative PCR
Total RNA was extracted from bladder samples collected 1, 4, 8, 24 and 48 h after the administration of cyclophosphamide using TRizol ® reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturers' protocol and its concentration was determined by NanoDrop TM 1100 (NanoDrop Technologies, Wilmington, DE, USA). A reverse transcription assay was performed as described in the M-MLV Reverse Transcriptase protocol according to the manufacturer's instructions. cDNA (300 ng) was amplified in triplicate using TaqMan Universal PCR Master Mix Kit with specific TaqMan Gene Expression target genes, the 3′ quencher MGB and FAM-labelled probes for rat CXCR2, TRPV1 and β-actin (which was used as an endogenous control for normalization). The PCRs were performed in a 96-well Optical Reaction Plate (Applied Biosystems, Foster City, CA, USA). The thermocycler parameters were as follows: 50°C for 2 min, 95°C for 10 min, 50 cycles of 95°C for 15 s and 60°C for 1 min. Expression of the target genes was calibrated against conditions found in control animals, that is, those that received i.p. vehicle (saline 0.9% NaCl).
Immunolabelling protocol
In another set of experiments, the animals were killed (24 h after cyclophosphamide treatment); the bladders removed and fixed in 4% paraformaldehyde for 15 min. Following embedding in Tissue-Tek ® (Sakura Finetek, Tokyo, Japan), frozen slices of bladder (6 μm) were obtained using Cryostat (Leica Microsystems, Wetzlar, Germany). After three washes in PBS, the slides were incubated for 30 min with a blocking buffer of 1% BSA dissolved in PBS. Antibodies were diluted in blocking buffer. A solution of mixed primary antibodies was applied: monoclonal rabbit anti-CXCR2 (1:100) and polyclonal mouse anti-TRPV1 (1:200) following overnight incubation at 4°C. After washing, secondary antibodies were incubated in a mix solution. In order to target CXCR2, we used chicken anti-rabbit Alexa Fluor ® 488 (green), and for TRPV1 immunolabelling, we used goat anti-mouse Alexa Fluor 568 (red) both at the concentration of 1:250. Images were obtained by using a Fluorescence Bx41 Model Microscopy (Olympus America Inc., Center Valley, PA, USA).
Cystometric parameters
The urodynamic studies were carried out 24 h after cyclophosphamide injection. A PE-60 polyethylene catheter (Clay Adams, Parsippany, NJ, USA) was inserted via a midline abdominal incision into the bladder through the bladder dome, under anaesthesia (i.p. urethane, 0.9-1.2 g·kg −1 ). The intravesical catheter was connected via a three-way stopcock to a pressure transducer (ADInstruments, Castle Hill, Australia) and to an infusion pump (Insight Scientific Equipments, São Paulo, Brazil) to record intravesical pressure and to infuse saline into the bladder respectively. Intravesical pressure was recorded continuously using data-acquisition software (PowerLab 8/30; ADInstruments). After catheter implantation, rats were left for 30 min for bladder stabilization. After this period, the animals received a continuous infusion of saline (0.9% NaCl; 37°C) at a rate of 0.1 mL·min −1 . We assessed the micturition pressure (MP; maximum bladder pressure during micturition), basal pressure (BP; the lowest bladder pressure between micturitions), threshold pressure (TP; bladder pressure immediately before micturition) and the intercontraction interval (ICI). Non-voiding contractions (NVCs) were defined as rhythmic intravesical pressure increases greater than 5 mmHg from baseline pressure without release of saline from the urethra. Fluid voided from urethra was collected and the voided volume (VV) was measured. To determine residual volume (RV), saline infusion was stopped at the beginning of the voiding contraction and the catheter was disconnected from the system (pressure transducer and infusion pump). The animal was then positioned vertically and the RV was measured by withdrawing saline through the intravesical catheter and then manually expressing the remaining intravesical contents by exerting pressure on the bladder abdominal wall. The BC was calculated as VV plus RV. The voiding efficiency (VE) was estimated as a percentage using the following equation:
The cystometric parameters were calculated from voiding cycles obtained over 45 min. When investigating the effects of antagonists, animals were treated with vehicle (saline), SB225002 (0.3 mg·kg −1 ), SB366791 (0.3 mg·kg −1 ) or the combination of the antagonists (0.3 mg·kg −1 each), 30 min before cyclophosphamide injection.
Data analysis
Results are shown as means ± SEM. Statistical analysis of the data was performed by two-way ANOVA followed by Bonferroni's post hoc test or one-way ANOVA followed by the StudentNewman-Keuls test. P-values less than 0.05 were considered significant.
Materials
Cyclophosphamide (Genuxal ® ) was purchased from Baxter Oncology GmbH (Frankfurt, Germany). SB225002 was synthesized as described by White et al., 1998 
Results
Cyclophosphamide-induced nociceptive behaviour
As shown in Figure 1 , i.p.) led to a marked decrease of the nociceptive behaviour induced by cyclophosphamide (80.9 ± 0.4%) ( Figure 1A and B). Significant differences between single treatments with SB225002 or SB366791 and their combination were observed ( Figure 1A and B: 75.8 ± 0.5 and 67.8 ± 0.7% respectively). SB225002 and SB366791 did not elicit any significant effects per se on locomotor activity, according to assessment in the open-field apparatus (data not shown).
Mechanical hypersensitivity
Previous studies demonstrate increased peripheral mechanical sensitivity after cyclophosphamide-induced cystitis (Guerios et al., 2008; Cheppudira et al., 2009) , i.p.) also inhibited the mechanical hypersensitivity, in both the paw (45 ± = 1%), and the abdominal area (36 ± 2%). Co-treatment with both antagonists produced a significant decrease in paw and abdomen responses (62.0 ± 1.0 and 67.0 ± 2.0% respectively).
Gross evaluation
The macroscopic damage score of oedema and haemorrhage in the cyclophosphamide group was significantly higher (scores 2.7 ± 0.2 and 2.7± 0.2, respectively) than that in the control group (score 0) ( Figure 3A ). Treatment with SB225002 or SB366791, given singly, did not show any significant inhibition of oedema and haemorrhage scores but the combination of antagonists significantly reduced oedema (45.4 ± 10.5%) and haemorrhage (54.4 ± 9.1%) induced by cyclophosphamide ( Figure 3A) . Furthermore, significant differences were also observed between the antagonists and the combination of both, in the gross evaluation (40.0 ± 12.0 and 44.4 ± 11.0% respectively). Representative bladder images are shown in panel (B).
Analysis of microscopic damage
To detect pathological changes resulting from cyclophosphamide-induced cystitis, we conducted a qualitative histological analysis of the urinary bladder (Figure 4 ). In accordance with the histopathological criteria described by Gray (1986) , microscopical analysis of the bladder of the animals treated with cyclophosphamide (24 h) ( Figure 4B ) when compared with control animals ( Figure 4A ) revealed extensive cystitis characterized by acute inflammation with vascular congestion, pronounced oedema, severe haemor- , i.p.) ( Figure 4C ) and TRPV1 channel (SB366791, 0.3 mg·kg −1 , i.p.) antagonists ( Figure 4D ) and their combination ( Figure 4E ). The microscopic damage score is shown in panel (F).
Bladder wet weight
Bladder wet weight was used as an additional indicator of bladder oedema. Cyclophosphamide-treated animals showed thickened bladder walls with an obviously decreased lumen capacity. As demonstrated in Figure 5A , mean bladder wet weight of the cyclophosphamide group was significantly greater than that of the control group (4.3-fold increase). This increase in bladder wet weight in cyclophosphamide-treated rats was significantly inhibited by SB225002 (0.3 mg·kg −1 , i.p.) and SB366791 (0.3 mg·kg −1 , i.p.) (27.2 ± 2.4 and 32.6 ± 3.3% respectively). Likewise, the co-administration of the antagonists decreased the bladder wet weight in cyclophosphamide-treated rats in a significant manner (47.7 ± 1.4%) and it was significantly different from the effects of SB225002 or SB366791 injected singly (25.4 ± 6.2 and 22.7 ± 8.0% respectively).
MPO assay
Cystitis induced by cyclophosphamide was also characterized by a significant increase in MPO activity in the bladder, compared with that in the control group (5.3-fold increase; Figure 5B ). As previously demonstrated by Santos et al. (2010) , the increase in MPO activity peaked 8 h following cyclophosphamide administration (data not shown). Therefore, the 8 h time point was adopted to evaluate the effect of CXCR2 and TRPV1 channel blockade on MPO levels. Treatment with SB225002 (0.3 mg·kg −1 , i.p.), SB366791 (0.3 mg·kg −1 , i.p.) or the co-administration of the antagonists resulted in a marked inhibition of MPO activity in the bladder (39.4 ± 4.5, 31.8 ± 6.8 and 47.0 ± 9.0%, respectively) in comparison to the cyclophosphamide group. No significant differences were observed between the antagonists and their combination ( Figure 5B ).
Cytokine levels
TNF-α and IL-1β are crucial mediators involved in the inflammatory events occurring in cyclophosphamide-induced haemorrhagic cystitis (Malley and Vizzard, 2002) . Earlier, we carried out a time course of the effect of cyclophosphamide on IL-1β and TNF-α levels and found that the levels of IL-1β and TNF-α in the bladder were increased 4 and 8 h after cyclophosphamide injection respectively (data not shown). Therefore, these time points were adopted to evaluate the effect of CXCR2 and TRPV1 channel blockade on cytokine levels. As shown in Figure 6A and B, there was a significant increase in the levels of IL-1β and TNF-α in the bladder, after cyclophosphamide treatment and this increase was significantly reduced by treatment with SB225002 (0.3 mg·kg −1 , i.p.) (48.2 ± 3.2 and 44.2 ± 2.6% respectively). Likewise, treatment with SB366791 significantly inhibited IL-1β and TNF-α production (40.7 ± 6.3 and 40 ± 4.6% respectively). Combination of the antagonists was also effective in reducing cytokine levels, by 57.0 ± 2.3 and 60.6 ± 3.2% for IL-1β and TNF-α respectively. Figure 7A shows the CXCR2 expression in the rat whole bladder. Cyclophosphamide produced a marked and timerelated increase of CXCR2 receptor mRNA expression in the rat bladder, which was evident as early as 1 h (5.5-fold increase) and peaked at 24 h (13.2-fold increase) after cyclophosphamide administration. Therefore, to assess the CXCR2 receptor expression in response to the antagonists, we adopted the 24 h time point ( Figure 7B ). Treatment with SB225002 (0.3 mg·kg −1 , i.p.), but not with SB366791, produced a significant reduction (41.7 ± 5.6%) in CXCR2 mRNA expression in the bladder of animals with cystitis induced by cyclophosphamide. Interestingly, the combination of the antagonists as well as SB225002 alone significantly reduced 
Expression of CXCR2 and TRPV1 channels in the rat bladder with cyclophosphamide-induced cystitis
Figure 4
Effect of pre-treatment with SB225002 (0.3 mg·kg −1 , i.p.), SB366791 (0.3 mg·kg −1 , i.p.), or SB225002 co-injected with SB366791 (0.3 mg·kg −1 , i.p., each) on changes in bladder histopathology 24 h after cyclophosphamide (CYP; 200 mg·kg −1 , i.p.) administration. Bladder representative images of control (saline) (A), cyclophosphamide group (B), SB225002 (C), SB366791 (D) and SB225002 + SB366791 (E). Cyclophosphamideinduced cystitis indicate urothelial damage (black arrowhead), leukocyte infiltration (arrow, higher magnification), blood vessel congestion and dilation (open arrow), and oedema (asterisk), (haematoxylin and eosin staining, scale bar 100 μm). Gray's macroscopic score of bladder histopathological alterations (F). Each column represents the mean + SEM of six to eight animals. *P < 0.05, significantly different from control (saline) values; # P < 0.05 , significantly different from cyclophosphamide values; $ P < 0.05, significantly different from SB225002 or SB366791 values (one-way ANOVA followed by Bonferroni's post hoc test).
CXCR2 mRNA expression in the bladder, compared with the cyclophosphamide group (76.0 ±2.8 and 58.4 ± 9.5%, respectively) ( Figure 7A and B) .
Similarly, cyclophosphamide significantly increased expression of mRNA for TRPV1 channels in the bladder ( Figure 7C ). This increase was evident 1 and 24 h (5.6-fold increase) after cyclophosphamide. Thus, to assess the receptor expression in response to antagonists, we choose the time point of 24 h as there was no significant difference between 1 and 24 h time points ( Figure 7C ). Pretreatment with the CXCR2 antagonist, SB225002 (0.3 mg·kg −1 , i.p.) or with the TRPV1 antagonist, SB366791 (0.3 mg·kg −1 , i.p.), resulted in a significant decrease in the expression of TRPV1 channel mRNA in the bladder of these animals (49.9 ± 3.8 and 74.4 ± 3.9% respectively). The combination of both antagonists also significantly reduced (92.1 ± 3.2%) the mRNA for TRPV1 
CXCR2 and TRPV1 localization in the bladder and effect of treatment with cyclophosphamide
We next examined the localization of CXCR2 and TRPV1 channels in the bladder using dual immunofluorescence. Figure 8 shows representative bladder sections from each group immunostained for CXCR2 (green), TRPV1 channels (red) and an overlay of those panels (co-localization indicated by orange colour). In saline-treated rats (control group), both CXCR2 and TRPV1 channels could be poorly localized in the nerve fibres innervating the detrusor muscle, lamina propria region and superficial cells of the urothelium ( Figure 8A and B respectively). After cyclophosphamide treatment, CXCR2 and TRPV1 channels were readily localized throughout the urothelium, vascular epithelium and nerve fibres innervating detrusor muscle. CXCR2 immunostaining seemed to be more pronounced in superficial cells of urothelium, whereas the immunostaining for TRPV1 channels was on basal cells of urothelium and lamina propria region ( Figure 8D and E) . We examined the co-localization of CXCR2 and TRPV1 channels in the bladder using dual immunofluorescence ( Figure 8C and F). Interestingly, CXCR2 and TRPV1 channels were co-localized in the nerve fibres innervating detrusor muscle and vascular epithelium after cyclophosphamide treatment ( Figure 8F ).
Cystometric parameters
We next investigated the bladder activity by measuring the intravesical pressure and volume. The cyclophosphamidetreated group showed a significant increase in BP (124.5 ± 5.5%), TP (123.8 ± 4.3%) and maximum pressure (MP: 118.3 ± 3.3%) ( Figure 9A and B, Table 1 ). Additionally, cyclophosphamide-treated animals displayed marked functional alterations, such as reduction in BC (50 ± 2%) ( Figure 9B , Table 1 ), ICI (73.4 ± 2.4%) ( Figure 9B , (73.6 ± 3.1%) and VE (90.4 ± 2.0%) ( Figure 9B , Table 1 ). During the bladder filling phase, cyclophosphamide-treated animals showed more NVCs than control animals (15.3 ± 0.5 vs. 3.6 ± 0.5) ( Table 1) . Treatment with SB225002, but not with SB366791 ( Figure 9C and D, respectively), significantly reduced the BP (36.1 ± 5.5%) and TP (33.7 ± 7.8%). Treatment with SB225002 and SB366791 administered alone significantly reduced MP (31.7 ± 1.5 and 29.8 ± 2.3%) ( Figure 9C and D, Table 1 ) and the number of NVC (32.6 ± 2.7 and 28.2 ± 2.4%) ( Table 1) . The same treatment, increased BC (52 ± 4 and 42 ± 6%), VV (102.2 ± 13 and 97.7 ± 15.4%), VE (388.3 ± 66 and 341.8 ± 66%). The co-injection of the antagonists reduced the number of NVCs (60.9 ± 2.4%) (Table 1) , BP (60.7 ± 2.7%), TP (61.1 ± 1.2) and MP (53.2 ± 1.2%), and increased significantly ICI (213.7 ± 10.3%), BC (76 ± 6%), VV (194.4 ± 7.8%) and VE (644.2 ± 29.3%) ( Figure 9E , Table 1 ).
Discussion
CYP is an anti-tumour agent that is metabolized in the liver to the urotoxic metabolite acrolein. The most important side effect of cyclophosphamide is haemorrhagic cystitis that is characterized by urothelial damage, oedema, haemorrhage, ulceration, neovascularization, leukocyte infiltration and pain (Assreuy et al., 1999; Korkmaz et al., 2007) . As demonstrated previously, cyclophosphamide induced marked alterations in the pain-like behaviour of rats (Boucher et al., 2000) . These modifications included closing of the eyes, decreasing breath rate and specific postures as rounded-back and limpness that lasted for up 24 h period. Previous studies have also shown that CXCR2 antagonist, SB225002, and the TRPV1 channel antagonist, SB366791, produced antinociceptive effects in different models of spontaneous pain (Marotta et al., 2009; Niiyama et al., 2009; Manjavachi et al., 2010) . In this context, we evaluated the effects of these antagonists on nociceptive behaviour elicited by cyclophosphamide. Although visceral pain is difficult to evaluate directly, antagonists of CXCR2 and of the TRPV1 channel and their combination, significantly inhibited cyclophosphamide-induced pain-like behaviour. Notably, the doses of the CXCR2 (0.3 mg·kg −1 , i.p.) and TRPV1 (0.3 mg·kg −1
, i.p.) antagonists used in the present study did not significantly change the locomotor activity of the animals when assessed in the openfield test, indicating that the observed antinociception caused by the antagonists seems to be not a consequence of motor abnormality.
Visceral pain is one of the main symptoms of haemorrhagic cystitis and is a limiting factor for the quality of life of patients receiving chemotherapy with cyclophosphamide (Morais et al., 1999) . Bladder mechanical sensitivity in cystitis is considered an indicator of visceral pain (Cervero and Laird, 2004) . One important feature of visceral sensitivity is the referred pain that is the perception of pain in sites different from the area of actual visceral injury . Increased mechanical sensitivity in the hindpaw and abdomen area following cyclophosphamide treatment has been previously demonstrated (Guerios et al., 2008; Studeny et al., 2008; Cheppudira et al., 2009) . In this context, we have analysed here the mechanical sensitivity responses in abdomen area and in the rat hindpaw, in cyclophosphamideinjected rats. The results of these experiments showed that haemorrhagic cystitis is related to a prolonged peripheral nociceptive sensitivity to mechanical stimuli, an effect that persisted for up to 24 h after cyclophosphamide injection. In agreement with previous findings (Studeny et al., 2008) , we also demonstrated a return to baseline sensitivity in the hindpaw and abdomen 48 h after cyclophosphamide. Similar to the results observed in behavioural scores, the nociceptive effect was significantly attenuated by pretreatment with CXCR2 and TRPV1 channel antagonists, as well as by their combination. The contribution of cytokines, chemokines and the TRPV1 channels to visceral pain is well known (Meyer-Siegler et al., 2004; Daly et al., 2007; Wang et al., 2008; Foster et al., 2011; Frias et al., 2012; Lei and Malykhina, 2012) . In this regard, TRPV1 channels participate in the development of visceral pain in the presence of bladder inflammation, as reflected by increased referred mechanical sensitivity in peripheral tissues . Therefore, changes in bladder sensitivity detected in cyclophosphamideinduced cystitis might be mediated, at least in part, by an increase in expression of chemokine receptors and TRPV1 channels and cytokine production in the bladder. In fact, we have observed a significant increase in TNF-α and IL-1 β levels and also of CXCR2 and TRPV1 channels mRNA following cyclophosphamide administration. Notably, the combination of both antagonists was able to significantly reduce the up-regulation of CXCR2 and TRPV1 channels mRNA, as well as the levels of TNF-α and IL-1 β in the bladder, an event that seems to correlate with attenuation of the nociceptive process.
It is now well established that cyclophosphamideinduced cystitis is characterized by marked bladder oedema and haemorrhage and urothelial damage (Korkmaz et al., 2007) . There is good evidence that cytokines, such as TNF-α and IL-1β, are critical mediators of the inflammatory process in cyclophosphamide-induced cystitis (Hu et al., 2003; Kiuchi et al., 2009; Smaldone et al., 2009) . Our data showed increased TNF-α and IL-1β in the bladder, agreeing with earlier reports of Malley and Vizzard (2002) , who found a rapid and significant increase in cytokines expression such as IL-1β, IL-2, IL-4, IL-6 and TNF-α in the bladder after cyclophosphamide administration. In the present study, we observed marked bladder inflammation after cyclophosphamide, characterized by increased bladder wet weight, presence of vascular congestion, pronounced oedema, severe haemorrhage, fibrin deposition, infiltration of neutrophils and reduction in the number of layers urothelial cells. Systemic treatment with the CXCR2 and TRPV1 antagonists alone or in combination significantly attenuated this bladder inflammation induced by cyclophosphamide treatment.
Because we noted the establishment of pronounced bladder inflammation, we evaluated the MPO activity in this tissue as an indirect measure of neutrophil migration. As previously reported (Linares-Fernández and Alfieri, 2007) , cyclophosphamide administration significantly enhanced the MPO activity in the bladder, which correlates well with increased leukocyte migration to the bladder. Our data showed that MPO activity induced by cyclophosphamide was significantly inhibited by pretreatment of rats with the selective antagonists of CXCR2 and TRPV1 channels, alone or in combination. These findings confirm and also extended previous studies, which showed that CXCR2 blockade with SB225002 reduced neutrophil influx and MPO activity in the colon of mice with colitis induced by 2,4,6-trinitrobenzene sulfonic acid (TNBS). Moreover, TRPV1 channel antagonism with capsazepine reduced pancreatic MPO activity of mice with cerulein-induced pancreatitis (Nathan et al., 2001 ) and the lack of TRPV1 channels was reported to reduce the neutrophil infiltration in the colon of mice with dextran sulfate sodium-induced colitis (Bento et al., 2008) . However, stimulation of TRPV1 channels during an inflammatory process may constitute a protective mechanism. In this regard, gene ablation or blockade of TRPV1 channels exacerbated LPS-induced renal inflammation including aggravated renal neutrophil/macrophage infiltration and increased chemokine/cytokine levels (Wang and Wang, 2013) . In addition, neutrophils and macrophage infiltration and MPO activity were significantly greater in TRPV1 channel knockout mice with LPS-induced airways inflammation (Helyes et al., 2007) . Therefore, activation of TRPV1 channels during an inflammatory process may constitute a protective or a damaging event, depending on the inflammatory model investigated.
Receptors for chemotactic cytokines, as CXCR4 and CX3CR1, as well as TRPV1 channels are found up-regulated following cyclophosphamide treatment (Yuridullah et al., 2006; Vera et al., 2008; Arms et al., 2010) . Whereas up-regulation of TRPV1 channels is well described in cyclophosphamide-induced cystitis (Dattilio and Vizzard, 2005; Dang et al., 2013) , alterations in CXCR2 expression have not yet been reported in the cystitis. Therefore, CXCR2 mRNA levels were determined in the bladder after cyclophosphamide injection, using real-time PCR assay. Our results demonstrated that CXCR2 mRNA was greatly up-regulated after cyclophosphamide, evident as early 1 h , reaching its peak at 24 h and decreasing by 48 h. In contrast to that observed with CXCR2 mRNA, the mRNA for TRPV1 channels was increased only at 1 and 24 h time points, decreasing 48 h after cyclophosphamide administration. Interestingly, blockade of CXCR2 with a selective antagonist significantly reduced the expression of CXCR2 mRNA in the bladder. Moreover, treatment of rats with the combination of CXCR2 and TRPV1 channel antagonists, but not with TRPV1 channel antagonist alone, significantly attenuated CXCR2 mRNA expression following cyclophosphamide administration. Therefore, CXCR2 inhibition seems to interfere in posttranscriptional regulation of CXCR2 gene expression and this effect seems to involve TRPV1 channels. It is possible that the inhibition of CXCR2 might reduce the expression of CXCR2 mRNA via modulation of downstream pathways after receptor activation, which results in the increased expression of different inflammatory components, including the receptor itself. Indeed, Qu et al. (2009) reported that CXCR2 mRNA was significantly reduced following SB225002 treatment in a model of choroidal neovascularization. Furthermore, Brait et al. (2011) demonstrated that the administration of SB225002 markedly reduces CXCR2 mRNA expression as well as neutrophil infiltration in the brain following cerebral ischaemia-reperfusion. Of great interest was the finding that the blockade of TRPV1 channels with CXCR2 and TRPV1 antagonists as well as their combination was able to reduce expression of mRNA for TRPV1 channels in the bladder. Therefore, we reported here, for the first time, the regulation of TRPV1 channels by selective TRPV1 and CXCR2 antagonists. However, additional studies are still necessary to clarify the mechanisms involved in this process.
TRPV1 channels are localized and function in different bladder structures. Thus the TRPV1 channels are expressed in urothelial cells (Birder et al., 2001; Charrua et al., 2009; Kullmann et al., 2009) and in nerve fibres (Avelino et al., 2002) of mice, rats and humans. Nevertheless, the expression of these channels in urothelial cells remains controversial (Everaerts et al., 2010) . Interestingly, chemokine receptors up-regulate in the urothelium after bladder inflammation (Yuridullah et al., 2006; Vera et al., 2008; Arms et al., 2010) , but the pattern of expression of CXCR2 in different structures of the bladder has not been described. In our study, TRPV1 channels and CXCR2 receptors were localized in the urothelium, lamina propria region and nerve fibres innervating detrusor muscle of saline-treated rats. After cyclophosphamide treatment, CXCR2 and TRPV1 channels are markedly localized throughout the urothelium, vascular epithelium and nerve fibres innervating detrusor muscle. CXCR2 immunostaining seems to be more pronounced in superficial cells BJP F N Dornelles et al.
of urothelium, whereas the TRPV1 channel immunostaining is mainly localized on basal cells of urothelium and lamina propria region. Interestingly, CXCR2 and TRPV1 channels were co-localized in nerve fibres innervating the detrusor muscle and vascular epithelium after cyclophosphamide treatment. Thus, our data show that both receptors are expressed in different levels in bladder and are up-regulated in the same structures after cystitis. These findings could imply interactions between these receptors in bladder function. In this context, it has been reported that urothelial cells can express a number of receptors and ion channels similar to those found in sensory neurons, and that urothelium could be a target for transmitters released from bladder nerves or that chemical mediators released by urothelial cells may alter afferent excitability (Birder et al., 2001; Birder, 2005) . Therefore, up-regulation and interplay between CXCR2 and TRPV1 channels could be important in the development of pain and inflammatory symptoms reported in cystitis in the present and previous studies.
Next, we hypothesized that nociception detected in cyclophosphamide-induced cystitis might be associated with changes in the sensory physiology of the bladder. Thus, we assessed the participation of the receptors as well as their interaction in bladder function through urodynamic tests (cystometry). Confirming and extending previous studies (Hu et al., 2003; Klinger and Vizzard, 2008) , we found that rats with cyclophosphamide-induced cystitis presented important changes in voiding behaviour evaluated as alterations in cystometric parameters, such as increased voiding frequency and number of NVCs, decreased VV and also altered bladder pressures. Evidence now suggests that TRPV1 channels are expressed in C-fibres that innervate the bladder and could contribute to the development of bladder overactivity acting as a sensor of bladder distention and chemical irritation (Everaerts et al., 2008) . Block of TRPV1 channels abolished bladder overactivity after cyclophosphamide-induced cystitis (Charrua et al., 2009) . Additionally, earlier studies have shown that the blockade of CXCR4 with a selective antagonist reduced the bladder overactivity induced by cyclophosphamide, as demonstrated by increased VV, BC and ICI (Arms et al., 2010) . Corroborating and also extending these previous data, we also observed that the SB225002 and SB366791 alone or their combination greatly reduced bladder overactivity induced by cyclophosphamide. These effects could be observed as increased BC, ICI, VE, VE and diminished bladder pressures. Other important functional alteration observed in bladder overactivity induced by cyclophosphamide was the increased number of NVCs (Studeny et al., 2008) . The NVCs are represented by increased spontaneous activity of the detrusor smooth muscle cells during the filling phase. Our results demonstrate that the separate blockade of CXCR2 and TRPV1 channels, as well as their combination, reduced the number of NVCs. Therefore, both receptors seem to contribute to the emergence of NVCs and consequently to the establishment of bladder overactivity. Again, these data suggest that the establishment of bladder hyperexcitability could be caused, at least in part, by the up-regulation and interplay between CXCR2 and TRPV1 channels.
Notably, the proposed relationship between these receptors in the physiopathology of cyclophosphamide-induced cystitis is evident in most of our findings. The combination of the antagonists showed either a synergistic interaction, in which the effect of the antagonist combination is greater than the sum of their separate effect at same doses such as observed in behavioural scores, histological and TRPV1 mRNA analysis or an additive interaction, in which this effect was equal to the sum of effects of the drugs taken separately, noted in other results. However, the dual action of the combination of the antagonists in different inflammatory and nociception parameters does not allow us to define adequately the relationship between CXCR2 and TRPV1 channels in cyclophosphamide-induced cystitis.
Another interesting aspect of the present study was the demonstration that even 24 h after administration of the CXCR2 and TRPV1 channel antagonists, effects of these compounds on cyclophosphamide-induced bladder inflammation and pain were observed. Our findings agree with earlier studies from our group that have demonstrated the long-term effect of CXCR2 and TRPV1 channel antagonists in different inflammatory and pain animal models (Marotta et al., 2009; Manjavachi et al., 2010) . Marotta et al. (2009) showed that pretreatment with SB225002 or SB366791 prevented PAFinduced nociception and inflammation, an effect that lasted for up to 8 h. Moreover, treatment of mice with SB225002 produced antinociceptive and anti-inflammatory effects that lasted for up to 6 h, in the carrageenan and for up to 24 h in the CFA model of pain and inflammation (Manjavachi et al. (2010) . Therefore, the long-lasting effect of SB225002 and SB366791 suggests that these antagonists might have a long biological half-life. Pharmacokinetic studies will be necessary to confirm this possibility.
In summary, the current study suggested that nociceptive behaviour, bladder inflammation and overactivity in cyclophosphamide-induced cystitis depended on CXCR2 and TRPV1 up-regulation and activation, as well as interactions between these receptors. Our work indicates that the blockade of both receptors could be an interesting therapeutic option for the clinical treatment of cystitis.
